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Abstract As a part of our series of studies on charged
particle induced reactions on various target materials,
proton induced excitation functions on natural cobalt
have been measured by using stacked-foil technique. In
these measurements 51Cr, 55,56,57,58Co, 51Cr, 52,54,56Mn
and 56,57Ni radioisotopes have been identified. For the
above isotopes the excitation functions were determined
and compared with the literature data and with the re-
sults of EMPIRE and TALYS calculations taken from
the TENDL 2011 library. The agreement with previous
measurements was acceptable and we could also deter-
mine new cross-section data.
Keywords proton induced cross-section · cobalt
target · yield calculation · thin layer activation
1 Introduction
Cobalt is an element of the iron group, which is mainly
used in production of alloys of good magnetic and corro-
sion properties as well as high durability. The radioac-
tive cobalt isotopes are applied as high-intensity γ-ray
sources as well as tracers and references radioactive
sources. In addition to human oncological treatments
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60Co is also used for sterilization of different products as
food, medical tools and supplies, etc. Such high inten-
sity γ-radiation can annihilate pathogenic species. Un-
fortunately 60Co cannot be produced by proton activa-
tion on Co target. Other radioactive cobalt isotopes are
the 58Co, 57Co and 56Co. 57Co has shorter half-life than
60Co (272 d and 5.27 y respectively), so it can be effec-
tively used in medical research. Because its low energy
γ-rays 57Co is used for clinical nuclear medical research,
to calibrate SPECTs (Single Photon Emission Tomo-
graphs) and for use as a Mo¨ssbauer radioisotope [1].
The application area of 58Co is the radiobiology, while
57Co and 56Co are intensively used in scientific and in-
dustrial research and practice. 57Co is used because of
its low energy γ-lines, while the advantages of 56Co are
the strong high-energy γ-lines. The radioisotope 55Co
has short half-life, that’s why it is extensively used in
everyday medicine and research. Because the target ele-
ment (59Co) is monoisotopic, it is an ideal candidate for
verification and improvement of theoretical nuclear re-
action codes. 56,57,58Co are the radioisotopes, which are
mainly used for industrial wear measurements by TLA
(Thin Layer Activation) both produced from iron and
from cobalt content of the alloy in question. If the alloy
does not contain Fe or only Co, the wear curves, cal-
culated from the measured cross-sections and provided
for the users makes possible to perform wear measure-
ments also on these alloys. This work is a part of our
systematic study on light ion induced nuclear reactions
on various elements for medical and industrial purposes,
as well as for supporting theoretical calculations [2,3,
4,5,6,7]. The main goal of this study was to produce
improved cross-section for the users, to calculate yield
curves as well as to demonstrate the applicability of the
produced radioisotopes for thin layer activation. The
results may also contribute to the improvement of the
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theoretical model codes. Here we present experimen-
tally determined proton induced excitation functions
on natural cobalt targets performed in different accel-
erator laboratories at 16, 37 and 70 MeV bombarding
energies. For chosen radioisotopes yield curves were cal-
culated from the measured cross-sections, as well as ac-
tivity distribution (wear) curves are given for the most
appropriate isotopes. The cross-section results are com-
pared both with the available literature data and with
the results of the most recent TALYS [8] theoretical
code taken from the TENDL-2011 library [9][9], as well
as with the results of the EMPIRE 3.1 calculations [10,
11].
2 Experimental
For the experimental cross-section determination the
stacked-foil technique was used. The measurements of
the excitation functions were performed in three differ-
ent experiments in two different accelerator laborato-
ries. The first and second series of measurements were
done in the Cyclotron Laboratory of the Free University
of Brussels (VUB) at 37 and 16 MeV proton energies
respectively. In the first experiment 50 m thick Co foils
(Goodfellow) were stacked together with Cd (22.9 µm),
Cu (12 µm) and Al (102 µm) foils as parallel measure-
ment targets, monitor and energy degrader foils. The
nominal beam intensity was 138 nA for 13.3 minutes at
37 MeV. In the second experiment at VUB also 50 m Co
foils were stacked together with Cd (22.4 µm) and Cu
(12 µm) foils without using any energy degraders. The
irradiation was performed with 16 MeV proton beam
for 25 minutes with 167 nA. The third series of mea-
surements in Sendai, Japan (CYRIC) was performed
at 70 MeV initial proton beam energy for 61 minutes
with an average beam current of 58.2 nA. The stack
was constructed from Co (50 µm), Er (25 µm) and In
(50 µm) foils as parallel targets (Co, Er, In). Al (10 and
100 µm) foils were placed in the stack for monitoring
the beam energy and intensity. After appropriate cool-
ing time the stacks were disassembled and the foils were
measured one by one by using HPGe detector based γ-
spectrometer systems in order to construct the excita-
tion functions for the investigated nuclear reactions as
well as for the monitor reactions. Several series of mea-
surements have been performed, shortly after the end
of bombardment (EOB) showing the γ-lines of shorter-
lived isotopes (such as 56Ni) without larger contribution
of the longer-lived peaks, and other 2 or 3 series later to
see and measure the longer lived isotopes better. The
nominal beam energies and intensities were corrected in
each foil by using the natAl(p,x)22,24Na monitor reac-
tions. The excitation function of these reactions were
re-measured in the whole investigated energy ranges
and compared with the recommended values [12]. The
so calculated corrections were applied for each irradia-
tion.
3 Theoretical calculations
The cross-sections of the investigated reactions were
also compared with the cross-section data in the TENDL-
2011 [9] nuclear reaction data library constructed by
the most recent version of the TALYS code as well
as with the results of the EMPIRE 3.1 calculations.
For the EMPIRE code, the optical potential param-
eters were taken from the Recommended Input Pa-
rameter Library RIPL-2 [13]. The TENDL library was
developed on the basis of the TALYS nuclear model
code [8] and the RIPL-2 [13] parameters were used
for the default calculations. The quality of the models
in the TALYS code was improved starting with phe-
nomenological default parameters for TALYS 1.0 and
more microscopic options in TALYS 1.2 version [14].
In TENDL 2011 significant improvement is seen for the
predictive power for the activation cross-sections of pro-
ton induced reactions according to our experience. The
TALYS and EMPIRE-3 codes calculate population of
different low-lying levels and can also estimate the iso-
meric ratios for these levels. For all identified radioiso-
tope the new EMPIRE-3.1 (Rivoli) was applied [10,11].
From the point of view of charged particle induced re-
action the new version of EMPIRE code contains the
following new features: RIPL-3 library of input parame-
ters; new version of Coupled Channel code ECIS-2006;
coupled Channel code OPTMAN for soft-rotor calcu-
lations; parity dependent level densities; new param-
eterization of EGSM level densities; three additional
ejectiles (d, t,3He).
4 Determination of the excitation functions
The activities of the irradiated target foils were mea-
sured without chemical separation by using high resolu-
tion γ-ray spectrometry. The decay of the samples was
followed by measuring each sample in several times (3-
4 measurements), starting from a few hours after End
of Bombardment (EOB) until weeks later. The cross-
sections and their uncertainties were determined by us-
ing the well-known activation and the decay formulas
[15]. The decay data of the investigated isotopes and
the Q-values of the contributing processes were taken
from NUDAT [16] and from the Q-value calculator of
NNDC [17] as shown in Table 1. The uncertainty of
the measured values was estimated in a standard way
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[18]: the independent relative errors of the linearly con-
tributing processes (number of the bombarding parti-
cles (8%), number of the target nuclei (5%), decay data
(3%), detector efficiency (5%) and peak area (1-7%))
were summed quadratically and the square root of the
sum was taken. The uncertainty of the bombarding en-
ergy was estimated to be 0.2-0.3 MeV by the first foil
and increases linearly along the stack.
4.1 Measurement of the radioisotopes of Ni
The radioisotopes 56,57Ni having appropriate half-life
and γ-energies could be observed in our experiment.
Nickel isotopes are produced by (p,xn) reactions from
59Co. According to the threshold energies of the reac-
tions 54,55Ni could also be produced in our high energy
experiment (series 3), but because of their short half-
life we could not observe them in the measured spectra.
Their production must be taken into account in the the-
oretical calculations as mother isotope of the produced
longer lived Co isotopes.
4.1.1 59Co(p,3n)57Ni reaction
The 57Ni radioisotope can only be produced through
the above reaction and due to its threshold (Table 1)
could only be detected in experiments 1. (37 MeV) and
3. (70 MeV). The results are presented in Fig. 1 together
with the literature data and the results of the model
calculations. Our data are in good agreement with the
earlier results of Haasbroek [19] and Michel [20,21] and
also with Sharp [22] in the higher energy range. The re-
sults of other authors [23,24,25] show only partial or no
agreement with our new data. Both TALYS (TENDL
2011) and EMPIRE 3.1 give good estimation up to 30
MeV, but above this energy TALYS strongly underes-
timates the experimental results and also its prediction
for the maximum is too low. EMPIRE 3.1 gives a good
estimation for the excitation function maximum and
only slightly underestimates above 60 MeV proton en-
ergy.
4.1.2 59Co(p,4n)56Ni reaction
The 56Ni radioisotope can only be produced through
the (p,4n) reaction and due to its threshold (Table 1)
could only be detected in experiments 3. (70 MeV). The
results are presented in Fig. 2 together with the litera-
ture data and the results of the model calculations. Our
data are in god agreement with those of Haasbroek [19]
and Michel [21] again. From the theoretical calculations
the EMPIRE 3.1 gives better agreement again with our
data in the higher energy region ( 60 MeV). Under 45
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Fig. 1 Measured excitation function of the natCo(p,3n)57Ni
nuclear reaction compared with the literature and the results
of the theoretical model codes
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Fig. 2 Measured excitation function of the natCo(p,4n)56Ni
nuclear reaction compared with the literature and the results
of the theoretical model codes
MeV both EMPIRE 3.1 and TENDL 2011 give very
similar and acceptable results.
4.2 Measurement of the radioisotopes of Co
The cobalt isotopes can be produced by (p,xnp) reac-
tion from 59Co or by decay of the produced radioiso-
topes of nickel.
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Table 1 Nuclear data of the investigated reactions
Nuclei Half-
life
Decay
mode (%)
Eγ
(keV)
Iγ
(%)
Production route Q-value
(MeV)
51Cr 27.7 d EC(100) 320.082 9.91 59Co(p,n2α) -16.41
52gMn 5.591 d EC, β+
(70.4, 29.6)
744.233
935.544
1434.092
90.0
94.5
100
59Co(p,p3nα)
59Co(p,d2nα)
-38.16
-35.94
54Mn 312.3 d EC(100)
β−(<2.9e-4)
834.848 99.976 59Co(p,pnα)
59Co(p,dα)
-17.17
-14.94
56Mn 2.5785 h β−(100) 846.771
1238.232
98.9
0.099
59Co(p,3pn)
59Co(p,d2p)
-27.97
-25.74
55Co 17.53 h EC, β+
(24, 76)
477.2
931.1
1408.5
20.2
75.0
16.9
59Co(p,4np)
59Co(p,5n)55Ni de-
cay
-40.49
-49.96
56Co 77.27 d EC, β+
(80.3, 19.7)
846.771
1238.232
100
67.6
59Co(p,nt)
59Co(p,4n)56Ni de-
cay
-21.92
-33.32
57Co 271.79 d EC(100) 122.0614
136.4743
85.6
10.68
59Co(p,2np)
59Co(p,3n)57Ni de-
cay
-19.03
-23.07
58gCo 70.86 d EC, β+
(83.1, 14,9)
810.775 99.0 59Co(p,np) -10.45
56Ni 6.075 d EC(100) 158.38
749.95
811.85
98.8
49.5
86.0
59Co(p,4n) -33.32
57Ni 35.6 h EC, β+
(56.4, 43.6)
127.164
1377.63
16.7
81.7
59Co(p,3n) -23.07
When complex particles are emitted instead of individual protons and neutrons the Q-values have to be decreased by the
respective binding energies of the compound particles: np-d, +2.2 MeV; 2np-t, +8.48 MeV; n2p-3He, +7.72 MeV; 2n2p-α,
+28.30 MeV
4.2.1 59Co(p,x)58Co reaction
The 58Co radioisotope is produced with (p,np) reaction.
It also has an excited state with 8.94 h half-life, but
only with 24.9 keV γ-energy, which was undetectable
with our spectrometry system. The results for 58gCo,
after the complete decay of the excited state, are pre-
sented in Fig. 3. We have now values from all series.
Our new data are in good agreement with the previous
results of Stuck [24], Haasbroek [19], Michel [21] over 55
MeV, and with Michel [20,21] under 20 MeV. The data
of other authors ([26,27,28,29]) give slightly different
results, while the data given by Sharp [22] completely
underestimate all other results. In this case the best
theoretical estimation is given by TENDL 2011, while
EMPIRE 3.1 underestimates above 35 MeV.
4.2.2 59Co(p,x)57Co (cum) reaction
The 57Co radioisotope is produced with (p,2np) reac-
tion, as well as it comes from the decay of 57Ni. The
measured data are presented in Fig. 4 together with the
results of previous measurements as well as of the the-
oretical model calculations. Our new data are in good
agreement with the previous results of Haasbroek [19]
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Fig. 3 Measured excitation function of the
natCo(p,np)58gCo nuclear reaction compared with the
literature and the results of the theoretical model codes
and Michel [21] above 50 MeV and with Michel [20,
21], Levkovskij [27] and Haasbroek under 40 MeV. The
data of Stuck [24] are lower than ours in the higher
energy range, the Johnson’s data [23] decline signifi-
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Fig. 4 Measured excitation function of the natCo(p,x)57Co
nuclear reaction compared with the literature and the results
of the theoretical model codes
cantly around the maximum while the previous results
of Sharp [22] seriously underestimate at the whole en-
ergy domain. The theoretical model calculations give
similar results up the 50 MeV except the values of
EMPIRE 3.1 are better around the maximum, while
in the higher energy range above 50 MeV EMPIRE
3.1 strongly underestimates and TENDL 2011 slightly
overestimates the experimental values.
4.2.3 59Co(p,x)56Co (cum) reaction
The 56Co radioisotope is produced with (p,3np) reac-
tion, as well as it comes from the decay of 56Ni. The
measured data are presented in Fig. 5 together with the
results of previous measurements as well as of the the-
oretical model calculations. In this case we have only
two series of measurements evaluated, because of the
higher threshold of this reaction there was no 56Co de-
tected from the 16 MeV experiment. According to Fig. 5
our data agree acceptably with those of Schoen [26] and
Sharp [22] in the higher energy region and with the data
of Johnson [23], Michel [20] under 35 MeV. The data of
Haasbroek [19] overestimate, while those of Stueck [24]
underestimate our results above 55 MeV. Wagner [29]
gave very scattered values, while the results of Sharp
[22] are too low again. TENDL 2011 and EMPIRE 3.1
give similar results up to 70 MeV again, while above
this energy EMPIRE 3.1 declines significantly.
4.2.4 59Co(p,x)55Co reaction
The 55Co radioisotope is produced with (p,4np) reac-
tion, as well as it comes from the decay of 55Ni (thresh-
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Fig. 5 Measured excitation function of the natCo(p,x)56Co
nuclear reaction compared with the literature and the results
of the theoretical model codes
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Fig. 6 Measured excitation function of the natCo(p,x)55Co
nuclear reaction compared with the literature and the results
of the theoretical model codes
old is 51 MeV). The measured data are presented in
Fig. 6 together with the results of previous measure-
ments as well as of the theoretical model calculations.
Because of the higher threshold we have results only
from the 70 MeV experiment (series 3.). Our new re-
sults now are slightly lower than the other experimental
results. TENDL 2011 and EMPIRE 3.1 are similar at
lower energies. EMPIRE 3.1 follows better the experi-
mental trend up to 70 MeV but shows strange behavior
(unexpected local maximum and minimum) above it.
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Fig. 7 Measured excitation function of the natCo(p,x)54Mn
nuclear reaction compared with the literature and the results
of the theoretical model codes
4.3 Measurement of the radioisotopes of Mn
The manganese isotopes can be produced by (p,xnyp)
reaction from 59Co, or a group of neutrons and protons
can also form complex ejectiles, which is energetically
more favorable.
4.3.1 59Co(p,x)56Mn reaction
The threshold of the 59Co(p,x)56Mn reactions is above
40 MeV (see Table 1), coupled with relative short half-
life (2.58 h). The TENDL 2011 library proposes quite
low cross-section, unfortunately we could not even de-
tect it in the 70 MeV experiment.
4.3.2 59Co(p,x)54Mn reaction
The 54Mn radioisotope is produced with (p,3n3p) reac-
tion. From the particles 3n3p complex particles (α, d,
3He) can be formed with lower threshold energies (see
Table 1). The measured data are presented in Fig. 7 to-
gether with the results of previous measurements as well
as of the theoretical model calculations. Our new data
are in god agreement with those of Stueck [24], Michel
[21] and Sharp [22] above 55 MeV and with Michel [20]
under 35 MeV. The EMPIRE 3.1 code gives a good ap-
proximation up to 35 MeV, but strongly overestimates
above it. The prediction of TENDL 2011 is too low
under 55 MeV and it tends to give acceptable results
above 70 MeV.
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Fig. 8 Measured excitation function of the
natCo(p,x)52gMn nuclear reaction compared with the
literature and the results of the theoretical model codes
4.3.3 59Co(p,x)52gMn reaction
The 52gMn radioisotope is produced with reactions in-
volving complex ejectiles (see Table 1). The short-lived
isomeric state (T1/2=21 min) could not be detected in
our measurements. It has 1.75% internal conversion to
the ground state, so our results contain this contribu-
tion. The threshold is relatively high so we have only re-
sults from the 70 MeV experiment. The measured data
are presented in Fig. 8 together with the results of pre-
vious measurements as well as of the theoretical model
calculations. Having relatively few data sets for com-
parison we can only conclude that our data agree with
those of Wagner [29] at 60 MeV and slightly lower than
others. The results of Haller [30] are completely out of
the trend of the experimental data and theoretical pre-
dictions. Both TENDL 2011 and EMPIRE 3.1 describe
the trend relatively good up to 60 MeV, but above this
energy EMPIRE 3.1 gives a better approximation.
4.4 Measurement of the radioisotopes of Cr
The only chromium radioisotope to be produced by
cobalt irradiation is the 51Cr thanks to the formation
of complex ejectiles (p,n2α).
4.4.1 59Co(p,x)51Cr reaction
The radioisotope 51Cr (T1/2= 27.7 d) was easily mea-
surable in our high energy measurement. The measured
data are presented in Fig. 9 together with the results
of previous measurements as well as of the theoretical
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Fig. 9 Measured excitation function of the natCo(p,x)51Cr
nuclear reaction compared with the literature and the results
of the theoretical model codes
model calculations. Our new results are in good agree-
ment with the data of Stueck [24] in the measured en-
ergy range. The EMPIRE 3.1 follows better the trend
but overestimates while TENDL 2011 underestimates
the experimental values.
5 Physical yield
From the point of view of radioisotope production the
production yield versus energy curves are even more
important than the excitation functions, because the
given information is more closed to the applications.
Searching the literature we have found experimental or
calculated yields from the following authors: Dmitriev
1981 [31], Haasbroek [19] and Abe [32]. Our calculated
data are in good agreement with the data points of
Dmitriev for 57Co and 58gCo (see Fig. 10). The mea-
sured curves of Haasbroek are also in good agreement
with ours in the case of 56Ni, 55Co and 56Co over 50
MeV, 57Co over 40 MeV, 58gCo over 25 MeV, under
these energies there are only small declinations. In the
case of 57Ni we are slightly above the Haasbroek values.
6 Thin layer activation
A common use of radioisotope tracers is the study of
wear, corrosion and erosion behaviors of different mate-
rials by using thin layer activation (TLA). Among the
investigate isotopes in Table 1 we have selected those,
which fulfill the following requirements for wear mea-
surements:
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Fig. 10 Physical yield curves calculated from the measured
cross-sections: for fitting of the excitation functions we have
used additionally to the results of this work the following
data: 57Ni: Michel 1997; 56Ni: Michel 1979 + Michel 1997;
57Co: Michel 1997; 56Co: Michel 1997; 55Co: Haasbroek
1976; 54Mn: Michel 1997; 52gMn: Michel 1997; 51Cr: Stueck
1983+Michel 1997
– Long enough half-life to perform the measurements
(51Cr(27.7 d), 52gMn(5.591 d), 54Mn(312.3 d), 56Co(77.26
d), 57Co(271.79 d), 58gCo(70.86 d), 56Ni(6.076 d))
– High enough cross-section/yield to produce consid-
erable activity within reasonable irradiation time
– Strong γ-line(s) with suitable energy
The first criterion is fulfilled for the above listed iso-
topes. If we consider only irradiations below 35 MeV,
then only 58gCo and 57Co remain. The TLA irradia-
tion can be performed in two ways: 1. the so called
”homogeneous” activity distribution means that the ac-
tivity/layer thickness is the same in the top several mi-
crometers of the activated surface. This can be achieved
by choosing irradiation energy around the excitation
function maximum (if any). These bombarding ener-
gies are 36 MeV and 22 MeV for 57Co and 58gCo re-
spectively. 2. The ”linear” activity distribution is pro-
duced if the excitation curve has no maximum within
the available energy range, or because of the lower re-
quested penetration a lower bombarding energy is se-
lected. In Fig. 11 the two cases for 58gCo are demon-
strated. The optimum irradiation energy for homoge-
neous activity distribution is 22.4 MeV (solid curve),
which results in constant activity (within 1%) for 121
µm depth. The scattered line represents the linear ac-
tivity distribution, for which 15 MeV bombarding en-
ergy was chosen, and the linearity is valid to 42 µm
depth. Similar calculations for 57Co are also shown in
Fig 11. In this case the optimum energy for homoge-
neous activity distribution is 31.3 MeV, while the ”lin-
8 F. Ditro´i et al.
Table 2 Measured cross-section values
Bombarding 57Ni 56Ni 58gCo 57Co 56Co 55Co 54Mn 52gMn 51Cr
E ±dE σ ±dσ σ ±dσ σ ±dσ σ ±dσ σ ±dσ σ ±dσ σ ±dσ σ ±dσ σ ±dσ
MeV mb mb mb mb mb mb mb mb mb
9.9 0.4 0.03 0.01
11.8 0.3 0.65 0.08
13.5 0.3 40.9 4.6
13.9 0.8 108.5 12.2
15.0 0.3 135.6 15.2 0.38 0.08
16.0 0.8 0.02 0.01 312.8 35.1 1.3 0.2
18.0 0.7 0.04 0.01 479.1 53.8 2.6 0.4
19.8 0.7 0.08 0.01 542.3 60.9 3.1 0.5
21.5 0.6 0.08 0.01 582.2 65.4 4.4 0.6
23.1 0.6 0.09 0.01 603.7 67.8 12.3 1.7
24.6 0.6 0.15 0.02 596.1 66.9 37.5 5.0
26.1 0.5 0.82 0.09 579.4 65.0 90.3 11.9
27.4 0.5 2.4 0.3 518.2 58.2 145.6 19.2 0.13 0.04 0.27 0.14
28.8 0.5 4.4 0.5 475.5 53.4 209.5 27.7 0.31 0.07 2.12 0.3
30.1 0.4 6.3 0.7 423.7 47.6 263.2 34.8 0.51 0.08 5.6 0.7
31.3 0.4 8.1 0.9 382.0 42.9 301.8 39.9 0.87 0.11 11.8 1.3
32.5 0.4 9.8 1.1 344.8 38.7 327.7 43.3 1.1 0.2 19.6 2.2
33.7 0.4 11.8 1.3 321.7 36.1 348.0 46.0 1.3 0.2 27.8 3.2
34.9 0.3 13.1 1.5 300.0 33.7 358.7 47.4 2.0 0.3 35.7 4.1
36.0 0.3 14.2 1.6 282.3 31.7 359.7 47.5 2.6 0.3 43.9 4.9
59.7 0.5 4.5 0.5 0.53 0.07 160.2 18.0 156.3 17.8 64.7 7.3 2.9 0.3 26.4 3.2 1.8 0.2 3.4 0.6
60.6 0.5 4.7 0.5 0.46 0.05 167.4 18.8 157.2 17.7 61.5 7.0 3.3 0.4 24.7 3.5 2.5 0.3 3.2 0.4
61.5 0.5 3.9 0.5 0.42 0.06 153.0 17.2 152.9 17.6 55.8 6.4 3.4 0.4 23.7 3.4 3.0 0.4 3.6 0.7
62.4 0.5 4.1 0.5 0.41 0.06 160.9 18.1 150.7 17.8 57.0 6.4 4.2 0.5 23.7 2.9 4.1 0.5 2.9 1.1
63.2 0.5 4.1 0.5 0.00 0.00 163.5 18.4 127.5 14.3 57.6 6.6 4.8 0.6 23.8 3.5 5.0 0.6
64.1 0.4 3.9 0.5 0.40 0.05 152.9 17.2 147.2 16.6 54.0 6.2 4.8 0.6 23.3 3.6 5.9 0.7 2.7 0.4
64.9 0.4 3.8 0.4 0.35 0.04 155.6 17.5 146.6 16.5 52.1 6.0 5.5 0.6 24.3 3.7 6.8 0.8 2.5 0.3
65.7 0.4 3.8 0.4 0.36 0.06 157.6 17.7 149.3 17.1 54.6 6.2 5.9 0.7 20.4 3.0 8.2 0.9 2.9 0.6
66.6 0.4 3.9 0.5 0.30 0.05 153.9 17.3 148.0 17.4 53.1 6.1 5.9 0.7 24.4 3.6 8.9 1.0 3.1 0.6
67.4 0.4 3.9 0.4 0.38 0.06 154.4 17.3 150.3 17.3 53.8 6.1 6.3 0.7 22.5 2.8 10.1 1.1 3.3 0.7
68.2 0.3 3.8 0.4 0.34 0.05 152.9 17.2 147.9 16.9 52.4 6.1 6.7 0.8 28.7 4.3 10.9 1.2 2.8 0.6
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Fig. 11 11. Wear curves of different irradiations for 58gCo
and 57Co: irradiation time = 1 hour, beam current = 2 µA.
10 day cooling time was applied in all cases.
ear” curve is produced by 25 MeV irradiation. The ho-
mogeneity and linearity ranges are 167 and 162 µm re-
spectively. The 10 day cooling time applied in all cases
is convenient period for sample measurement, prepara-
tion and possible delivery to other site. From Fig. 11 it
is seen that in the case of 58gCo higher specific activities
can be produced.
7 Summary and conclusion
Excitation functions of radioisotopes produced from nat-
ural cobalt (59Co) have been measured in different ac-
celerator laboratories by using the method of complete
re-measurement of well-known monitor reactions, and
compared with the existing literature data as well as
with the results of different model calculations (EMPIRE-
3, TALYS(TENDL 2011). Our new measurements showed
acceptable agreement with the existing experimental
data if available, and helped to decide if contradicting
literature results exist. The results of the model calcula-
tions showed an improvement compared with the earlier
versions, but there are still discrepancies especially in
the higher energy range. Altogether, the both theoreti-
cal models in scope describe acceptable well the shape
of the excitation functions up to 40 MeV in most cases,
and also give estimation for the maximum and the max-
imum value. Our new data can be compared with the
new versions of the theoretical model codes to elaborate
an improved version of them. Yield calculations have
also been performed and compared with the literature
data if available. Our new results are in good agreement
with the available experimental data. A graphical com-
parison is also given to help the users from medical or
industrial field to choose the appropriate nuclear reac-
tion. For the most suitable radioisotopes for TLA wear
curves are also calculated and proved their applicability
for industrial use.
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